A discussion about how dietary factors affect adolescents' behavior, especially in relation to hyperactivity and behavioral problems ([@CIT0001], [@CIT0002]), has been going on for a long time. Balanced nutrition is important during childhood and adolescence, which are periods of growth, development of body functions, and social cognitive ability ([@CIT0003]). Behavioral and social skills achieved in childhood may determine the person\'s ability to cope with the many demands of modern society ([@CIT0004]). Increased availability of processed food, rich in sugar and fat, has led to its increased intake by children and adolescents ([@CIT0005]). A diet high in sugar may lead to massive secretion of insulin, resulting in hypoglycemia ([@CIT0003], [@CIT0006]). This stimulates an increase in epinephrine, leading to activation of nervous reactions and may lead to hyperactivity disorder behaviors ([@CIT0003], [@CIT0006]). Recent results from the ALSPAC study, where food patterns were identified after principal components analyses, show that children eating a diet high in junk food, e.g., high-fat processed foods (burgers) and snack food (crisps and sweets), in early childhood were more likely to be hyperactive at age 7 ([@CIT0002]). However, there is still controversy regarding the association between sugar and hyperactivity, and Kim and Chang found no association between sugar intake and behavior ([@CIT0003]). Another dietary trend among adolescents is skipping meals ([@CIT0007], [@CIT0008]), and some studies found that skipping breakfast may be related to mental distress ([@CIT0009]), which may lead to behavioral problems. Behavior at school is specifically important, as this is the place for learning and student behavior affects learning and the social environment at school. Little is known about the relation between diet and behavior at school in Norwegian adolescents. Given the poor nutritional habits ([@CIT0010]) in adolescents in Norway, we wanted to examine the link between self-reported meal patterns, food intake, and behavioral problems at school in Norwegian adolescents. Behavioral problems at school range from shouting to having to leave the classroom because of bullying.

Methods {#S0001}
=======

Subjects {#S20002}
--------

This study is part of the 'School Achievement Study' conducted by the University of Agder and Sørlandet Resource Centre. In 2010, 625 ninth- and tenth-grade students, from four different secondary schools in three different municipalities in Vest-Agder County, were invited to participate by filling in a questionnaire. Of these, 482 students returned the questionnaires giving a participation rate of 77%, and 475 students were included in the statistical analysis---236 boys and 239 girls. Seven questionnaires were excluded because of many shortcomings or incorrect completion. The mean age for both genders was 14.6.

Procedure {#S20003}
---------

This study was conducted in January 2010. The best suited participant schools in the county, representing both urban and rural municipalities, were selected by Sørlandet Resource Centre. Sørlandet Resource Centre contacted the principals at the different schools for their participation. All four schools that were contacted agreed to participate---two schools from the main city (Kristiansand) in the county and one secondary school each from the two rural municipalities were included. The students filled in the questionnaire during a school lesson in the presence of a master student and a project worker. Before the questionnaires were handed out, the participants were informed that their responses would be treated as anonymous and that it was voluntary to participate. The students were given both oral and written instructions on how to fill in the questionnaire. The project worker helped the students with any questions. After filling out the questionnaire, the students returned it to the project worker in a sealed envelope.

Instruments {#S20004}
-----------

The questionnaire included questions about how students behave in school and their dietary intake and meal frequencies. To measure the students' behavioral problem at school, we adopted items from Roland ([@CIT0011]) and developed a four-item, self-reported questionnaire. The four items were, 'Do you make so much noise in class that the teachers yell at you?', 'Are you expelled from class because you make too much noise?', 'Does your teacher write down your name because of bad behavior?', and 'Do you disturb the class to such an extent that other students in your class can\'t pay attention?' All questions had five response categories, 'Never', 'Seldom', 'Sometimes', 'Often', and 'Very often' (range: 1--5). A sum score of these questions was made (range: 4--20) with a high number indicating more problems. This sum score was dichotomized into those not having (score: 4--11) and those having behavioral problems at school (score: 12--20). In this study, the Cronbach\'s α for the scale behavioral problems at school was 0.85, indicating high reliability.

Diet was assessed by a food frequency questionnaire comprising 23 components, both food items and drinks. The questions had eight different response alternatives, ranging from never or seldom to four times or more per day for food items and seven glasses or more per day for beverages. The questionnaire had been validated in a national dietary study among Norwegian children and adolescents ([@CIT0012]). The response alternatives were dichotomized into having food often or seldom. Having fruits and vegetables (F&V) twice a day or more often was categorized as often. Having fish one--three times per week or more was categorized as often. Having candies, chocolate, and savory snacks four--six times per week or more often was categorized as often. The quantity of intake was not asked for. In the analysis, the food items were segregated between healthy and unhealthy food items. Healthy food items included vegetables, fruits, and fish. Unhealthy food items included sugar-sweetened soft drinks, sweets, chocolate, savory snacks, pizza, and burger or hot dogs. Meal frequency was assessed by questions like, 'How often do you have breakfast each week?' The same was asked for lunch, dinner, and evening meals. Response alternatives ranged from never or seldom to seven days a week, and in the statistical analysis these were dichotomized into having meals five times a week or less and having meals six times a week or more, as done by Øverby et al. ([@CIT0013]).

Definitions {#S20005}
-----------

Self-reported weight and height were used to calculate BMI (kg/m^2^). To estimate the prevalence of overweight, the international cutoff points for BMI for overweight were used ([@CIT0014]).

Data analysis {#S20006}
-------------

In [Table 1](#T0001){ref-type="table"}, the results are presented with means and standard deviations (SD) and percentage of participants. Statistical analyses are independent sample *t*-tests and chi-square. Multiple logistic regressions were used to explore the relation between behavioral problems at school and meal patterns and unhealthy and healthy food items. The dependent variable was whether the respondent had behavioral problems at school and was dichotomized into having these or not. All meals (breakfast, lunch, dinner, and evening meals) and healthy and unhealthy food items were run in separate models adjusting for gender and BMI. Adjustments were done according to literature. Odds ratios are presented in the tables with 95% confidence intervals (CI). All *p*-values are two-sided and a 5% level of significance was used. All statistical analyses were performed with SPSS 16.0 (SPSS Inc., Chicago, IL).

###### 

Description of participants

                                                                     Boys (*n*=236)   Girls (*n*=239)   *p* [c](#TF0003){ref-type="table-fn"}
  ------------------------------------------------------------------ ---------------- ----------------- ---------------------------------------
  Age (year) mean (SD)                                               14.6 (0.56)      14.6 (0.57)       0.633
  Behavioral problems                                                41 (17.9)        28 (11.8)         0.064
  Overweight (%)                                                     30 (16.1)        15 (8.0)          0.015
  Breakfast[a](#TF0001){ref-type="table-fn"} (%)                     169 (76.8)       152 (66.1)        0.012
  Lunch[a](#TF0001){ref-type="table-fn"} (%)                         129 (59.2)       132 (50.6)        0.784
  Dinner[a](#TF0001){ref-type="table-fn"} (%)                        197 (90.4)       193 (84.3)        0.054
  Supper[a](#TF0001){ref-type="table-fn"} (%)                        146 (67.0)       116 (51.5)        ≤0.001
  Vegetables[b](#TF0002){ref-type="table-fn"} (%)                    18 (8.5)         9 (3.9)           0.046
  Fruits[b](#TF0002){ref-type="table-fn"} (%)                        35 (16.4)        64 (28.6)         0.002
  Fish[b](#TF0002){ref-type="table-fn"} (%)                          99 (46.3)        103 (45.8)        0.919
  Sugar-sweetened soft drinks[b](#TF0002){ref-type="table-fn"} (%)   180 (84.9)       145 (65.9)        ≤0.001
  Sweets[b](#TF0002){ref-type="table-fn"} (%)                        57 (26.9)        42 (18.7)         0.040
  Chocolate[b](#TF0002){ref-type="table-fn"} (%)                     47 (22.1)        41 (18.1)         0.294
  Savory snacks[b](#TF0002){ref-type="table-fn"} (%)                 46 (21.8)        18 (8.0)          ≤0.001
  Pizza[b](#TF0002){ref-type="table-fn"} (%)                         24 (11.3)        14 (6.2)          0.059
  Burger/Hot dogs[b](#TF0002){ref-type="table-fn"} (%)               14 (6.6)         10 (4.4)          0.317

Proportion having behavioral problems at school, having meals regularly[a](#TF0001){ref-type="table-fn"} and having healthy and unhealthy food items often[b](#TF0002){ref-type="table-fn"} (*n* \[%\]).

'Having meals regularly' was defined as having meals six times a week or more.

'Having healthy foods often' was defined as having F&V twice a day or more often, and having fish one--three times per week or more. 'Having unhealthy foods often' was defined as having food four--six times a week or more often.

Independent two-sample *t*-test continuous variables and Chi-square for categorical variables. Overweight is defined by Cole et al. 2000 ([@CIT0014]).

Results {#S0007}
=======

Characteristics of study participants are presented in [Table 1](#T0001){ref-type="table"}. More boys than girls were categorized as overweight (16% vs. 8%, *p*=0.015). There were also gender differences with regard to meal patterns and food consumption. More girls skip breakfast and evening meals compared to boys (77% vs. 66%, *p*=0.01). High intake of unhealthy foods was defined as having food four--six times per week or more, whereas a high intake of F&V was defined as having food items twice a day or more often. More boys reported a high intake of vegetables (8% vs. 4%, *p*\<0.05) and a low intake of fruits (84% vs. 71%, *p*\<0.01) compared to girls. More boys than girls have a high intake of food items categorized as unhealthy, such as sugar-sweetened soft drinks, sweets, and savory snacks ([Table 1](#T0001){ref-type="table"}). [Table 2](#T0002){ref-type="table"} presents adjusted results for meal frequencies' association with behavioral problems at school. Having breakfast regularly was significantly associated with decreased odds of behavioral problems at school (OR: 0.29 (0.15 − 0.55), *p*≤0.01). Having lunch, dinner, and evening meals regularly was not significantly associated with decreased odds of behavioral problems at school ([Table 2](#T0002){ref-type="table"}). Adjusted results for healthy food items' association with behavioral problems are presented in [Table 3](#T0003){ref-type="table"}. Those who reported eating fruits (OR: 0.30 (0.10 − 0.87), *p*=0.027) and fish (OR: 0.47 (0.24 − 0.91), *p*=0.025) regularly had lower odds of behavioral problems at school. No association between intake of vegetables and behavioral problems at school was found. However, a high intake of unhealthy foods (sugar-sweetened soft drinks, sweets, chocolate, savory snacks, pizza, and hotdogs) was significantly associated with increased odds of behavioral problems at school ([Table 4](#T0004){ref-type="table"}).

###### 

Adjusted odds ratio (OR) and 95% CI for behavioral problems at school in relation to meal pattern[a](#TF0004){ref-type="table-fn"}

                *n*   OR[b](#TF0005){ref-type="table-fn"} (95% CI)   *p*
  ------------- ----- ---------------------------------------------- --------
  *Breakfast*                                                        
  Seldom        101   1.0                                            
  Often         269   0.29 (0.15 − 0.55)                             ≤0.001
  *Lunch*                                                            
  Seldom        142   1.0                                            
  Often         225   0.65 (0.35 − 0.21)                             0.176
  *Dinner*                                                           
  Seldom        43    1.0                                            
  Often         324   0.52 (0.22 − 1.23)                             0.137
  *Supper*                                                           
  Seldom        149   1.0                                            
  Often         218   0.75 (0.40 − 1.42)                             0.378

'Having meals seldom' is defined as having meals five times a week or less. 'Having meals often' is defined as having meals six times a week or more often.

Adjusted for sex and BMI.

###### 

Adjusted odds ratio (OR) and 95% CI for behavioral problems at school in relation to intake of healthy food items[a](#TF0006){ref-type="table-fn"}

                                 Behavioral problems                        
  ------------------------------ --------------------- -------------------- -------
  *Vegetables*                                                              
  Once a day or less             345                   1.0                  
  Twice a day or more            23                    1.44 (0.46 − 4.49)   0.528
  *Fruit*                                                                   
  Once a day or less             282                   1.0                  
  Twice a day or more            84                    0.30 (0.10 − 0.87)   0.027
  *Fish*                                                                    
  1--3 times per month or less   201                   1.0                  
  1--3 times per week or more    167                   0.47 (0.24 − 0.91)   0.025

Adjusted for sex and BMI.

###### 

Adjusted odds ratio (OR) and 95% CI for behavioral problems at school in relation to intake of unhealthy food items[a](#TF0007){ref-type="table-fn"}

                                  Behavioral problems                        
  ------------------------------- --------------------- -------------------- --------
  *Sugar-sweetened soft drinks*                                              
  1--3 times per month or less    86                    1.0                  
  1--3 times per week or more     271                   2.80 (1.06 − 7.42)   0.039
  *Sweets*                                                                   
  1--3 times per week or less     279                   1.0                  
  4--6 times per week or more     87                    2.63 (1.39 − 4.98)   0.003
  *Chocolate*                                                                
  1--3 times per week             295                   1.0                  
  4--6 times per week             73                    4.34 (2.26 − 8.36)   ≤0.001
  *Potato chips*                                                             
  1--3 times per week             310                   1.0                  
  4--6 times per week             56                    3.36 (0.41 − 1.54)   ≤0.001
  *Pizza*                                                                    
  1--3 times per week             334                   1.0                  
  4--6 times per week             32                    3.54 (1.54 − 8.14)   0.003
  *Hamburger/hot dogs*                                                       
  1--3 times per week             348                   1.0                  
  4--6 times per week             20                    3.25 (1.17 − 8.99)   0.023

Adjusted for sex and BMI.

Discussion {#S0008}
==========

This study shows that adolescents who frequently have breakfast and a moderate intake of fruit and fish have reduced odds of behavioral problems at school. Further, the study shows that adolescents who have a high intake of unhealthy food items have increased odds of behavioral problems at school. To our knowledge, these relations have not been shown earlier in this age group of Norwegian adolescents.

Few studies explore the relation between behavior problems and meal frequency or skipping of breakfast ([@CIT0009]). Some studies state that having breakfast regularly has a positive impact on mental health ([@CIT0008], [@CIT0015]). The most accepted explanation for this relation is the benefits of energy intake after a night time fast. This may improve mood, memory, and academic performance ([@CIT0016]). Another benefit of having breakfast is the intake of essential micronutrients, which have a positive effect on likely health concerns, such as affective disorders, hyperactivity, and behavioral problems ([@CIT0001], [@CIT0004], [@CIT0017]). Lien found that Norwegian adolescents having breakfast regularly had reduced mental distress ([@CIT0009]). One explanation for this finding can be that having breakfast reduces cortisol levels (at least in adults) ([@CIT0018]). The finding that having breakfast reduces mental distress complements our finding of reduced odds for behavioral problems when having breakfast regularly. In addition to reducing mental distress, breakfast is associated with a range of positive outcomes, including better school attendance, academic performance, nutrient intake, and healthier body weight ([@CIT0019], [@CIT0020]). So, although causality cannot be stated on the relation between breakfast and behavioral problems in the current study, promoting breakfast would be beneficial.

A recent Australian study found that children with behavior difficulties and low levels of prosocial behaviors and from poorly functioning households consumed fewer servings of F&V than children who did not experience any environmental stressors or behavioral problems ([@CIT0021]). This is in line with our findings regarding fruit intake, which is related to behavioral problems at school. However, we did not find an association between intake of vegetables and behavioral difficulties. This might be explained by the low intake of vegetables in Norwegian children and adolescents in general ([@CIT0010]), leading to small differences in intake between groups. Intake of fish and behavior problems has mostly been discussed in relation to omega-3-fatty acids. Early studies by Stevens et al. found that a greater number of behavior problems were reported in subjects with lower total omega-3-fatty acid concentrations ([@CIT0022]). A placebo-controlled trial with 166 schoolchildren in Japan investigating whether fish oil supplements affected school children\'s aggression levels found that there was a possibility that changes in fatty acid intake might affect physical aggression, especially in girls ([@CIT0023]). Furthermore, a review on fish oils and aggression concludes that 11 of 14 studies found an association between fish oils and aggression ([@CIT0024]). The mechanisms as to how fish oils affect aggression or hostility is not yet clear; however, a possible mechanism is activation of the serotonergic neuron system ([@CIT0024]). On exploring diet and attention deficit or hyperactivity disorder (ADHD), an Australian study did not find any association between fatty acids and ADHD symptoms but found that children with ADHD consumed half the amount of fish or seafood compared to the controls ([@CIT0025]). This is in line with what is reported in this study in relation to fish consumption and behavioral problems.

Most controversy regarding diet and behavioral problems (especially ADHD) has been found in relation to sugar and junk food ([@CIT0004], [@CIT0026]). For many years, teachers and parents have claimed that high sugar intake leads to attention and conduct problems in children ([@CIT0027]). In 2009, the ALSPAC reported that children eating a diet high in 'junk food' in early childhood were more likely to be in the top 33% on the hyperactivity subscale at age 7 ([@CIT0002]); however, this was not replicated in 2011 ([@CIT0028]). A Norwegian study by Lien et al. among adolescents aged 15 and 16 showed that there was a dose--response relationship between hyperactivity score and number of soft drinks consumed ([@CIT0027]). Furthermore, intake of soft drinks was associated with higher odds of mental distress and conduct problems ([@CIT0027]). This is in line with the results of this study. The study of Lien et al. is one of the few studies assessing the relation between sugar intake and mental health problems ([@CIT0027]), not just focusing on ADHD. The effect of sugar on mental health may not be direct but could be moderated by other nutritional factors, such as micronutrients ([@CIT0001]). A study in Norwegian adolescents found that high intake of added sugar displaced intake of micronutrients ([@CIT0005]).

With the cross-sectional design of this study, one cannot state any causality, and well-designed longitudinal studies are needed. An Australian longitudinal study from 2011 found that a healthy diet yielded better mental health, and that an unhealthy diet led to poor mental health ([@CIT0029]), supporting the results of this study. Other longitudinal studies focusing more specifically on behavioral problems, including assessment of the whole diet, where one can calculate energy and micronutrient intake, are needed.

There are several other limitations that need to be considered when interpreting the results of this study. First, the selection of schools was not done systematically, it was a convenient sample implicating that the generalization of the results may be limited. Second, although validated, the dietary frequency questionnaires often report an overestimation of food intake. Furthermore, the quantity of intake was not estimated. However, a validation study among 9- and 13-year olds showed that the food frequency questionnaire (FFQ) was able to identify high and low consumers of food intake and had a moderate capability to rank individuals according to food intake ([@CIT0012]). Finally, there was no assessment of socioeconomic status, physical activity, sleep, and drug abuse, which may be relevant factors regarding behavioral problems along with parenting style.

However, the results from this study clearly show that having a healthy diet is related to having reduced odds of behavioral problems at school. The literature shows that behavioral problems at school are related to school dropout ([@CIT0030]). School dropout is a public health issue, as research shows that good education promotes good health and disparity in health and educational achievements are closely linked ([@CIT0031]). In addition, as a healthy diet is well known to be related to optimal health ([@CIT0032]), promoting a healthy diet, including both dietary intake and meal pattern, is important in these age groups, with regard to behavior, school achievement, and future health.

Conclusion {#S0009}
==========

This study shows that adolescents who frequently have breakfast and a moderate intake of fruit and fish have reduced odds of behavioral problems at school. Furthermore, the study shows that adolescents who have a high intake of unhealthy food items have increased odds of behavioral problems at school. A longitudinal study to find causality between dietary intake and behavioral problems at school is recommended.
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